In 1973 Walling and Goosen (1) reported a study of the retarding effect of organic substrates on the Fe3+-catalyzed decomposition of hydrogen peroxide which strongly supported the redox chain mechanism developed by Barb et al. (2) on the basis that suitable substrates act as effective traps for hydroxyl radicals which normally propagate the chain. The reaction was considered to involve the steps Fe3+ + H202 -Fe2+ + H+ + HO- [1] k2 Fe 2++ H202--Fe3++ HO-+ HO [2] k '3 HO + H202--H20 + H02 [3] k4 HO2-+ Fe3-+ Fe2+ + H+ + 02 [4] H02 +Fe2+-HO2r+Fe3+ [5] k '6 HO + RH-H20+ R- [6] Fe2 + R* + 02 -*RO2-> ROOH + Fe3+ [7] H + where reactions 1 (5) . The complex exists only in solution and has not been isolated. It shows both "catalase" and "peroxidase" activity, i.e., catalyzes both the decomposition of hydrogen peroxide and the oxidation of organic substrates, including both complexed and uncomplexed EDTA. Walling et al. (5) examined the kinetics of this catalyzed decomposition briefly, finding the reaction first order in Fe and first or higher order in H202. The rate initially increased with pH, but leveled out at above pH 9.5. At pH 10.5 decomposition was cleanly to 02 and H20, but at lower pH values organic substrates were oxidized and their presence retarded the decomposition.
We have now confirmed and extended these observations. At pH 9 the H202 decomposition is first order in Fe: and a 20-fold increase in [H+J decreases the rate by a factor of 10.
In all experiments it is necessary to use some excess EDTA, since otherwise the complex destroys itself, Fe(III) precipitates, and the reaction stops. This excess slightly retards the reaction (with 3 X 10-4 M Fe and 1.54 X 10-2 M H202, increasing total EDTA from 7 to 26 X 10-4 M decreases the rate 10-15% C// UtH.,-. NS, § We take k6 (acetone) = 9.7 X 107) k6 (t-BuOH) = 5.7 X 108 from our previous measurements on the Fe2+-H202 substrate systems (6) . With Fe EDTA oxidation should be immediate, and the sole process and the two steps might even be concerted. Such a formulation is consistent with the consumption of EDTA in the unretarded reaction, and the slight retardation by excess EDTA, and parallels the behavior of methanol in acid solution mentioned above. Further, in the analog of reaction 3, HO1
and Fe EDTA are produced in pairs, and the reported value (7) of k12 for EDTA is so large, 2.76 X 109, that (assuming a similar value for complexed EDTA) a significant amount of cage reaction could occur which could not be intercepted by added substrate.
For this more complex scheme, Eq. 8 can be generalized Eq. 14 cannot be tested, but the results suggest HO attack on both H1202 and NTA. Consistent with this, t-butyl alcohol yields a similar intercept but a lower slope, indicating it is a much stronger retarder. A few other systems were investigated very briefly. Moderate concentrations of acetone had no effect on the rate of the fast decomposition of H202 by the ferric triethylene tetramine complex at pH 7, either because the process is not a HO-chain, or because attack on the amine is too rapid to intercept. However, the decomposition by hemin chloride at pH 9 is significantly retarded.
In summary, our data indicate that hydroxyl radical chain paths may be quite general mechanisms for the decomposition of H202 by a variety of iron complexes, and can account for the mixture of 02 evolution and substrate attack observed.
We suggest that observation of retardation by suitable substrates, particularly when two or more yield similar limiting rates and show effectiveness proportional to their relative reactivities towards hydroxyl radicals, provides prima facie evidence that such mechanisms are involved, although their details may prove to be quite complex, and that such paths may be quite a general feature of H202 decomposition catalyzed by transition metal complexes.
